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SUMMARY 

The  hydrodynamic  characteristics  of a preliminary  design  of  the 
Martin xp6~-1 flying  boat  have  been  determined.  Longitudinal  stability 
during  take-off  and  landing,  resistance of the  complete  model,  and 
behavior  during  taxiing  and  landing in  rough  water  are  presented. 

INTRODUCTION 

An investigation  of the hydrodynamic  characteristics  of a powered 
d&amic  m@el  of  the Martin  XP6M-1  seaplane  was  requested  by  the.  Bureau 
of  Aeronautics  and  the  Glenn L. Martin  Company.  Tank  tests  have  been 
made  of  the  basic  model  and  of  such  modifications  as  were  required  for 
a brief  but  general  appraisal of the  hydrodynamic  characteristics  in 
smooth  and  rough  water.  Inasmuch  as a need  for  changes in hull lines 
was  apparent  early in the  investigation,  the  tests and modifications 
were  limited  to  those  items  of  particular  interest  to  the  designer. 
Since  the  model  did  not  represent  the  final  configuration,  detailed 
information  on  most  of  the  hydrodynamic  characteristics  was  not  obtained. 
The  data  are  presented  without  detailed  analysis or discussion. 

Mr.  Eugene  Handler  of  the  Glenn L. Martin  Campany  witnessed  most 
of the  tests. " *  
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SYMBOLS 
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CL aerodynamic l i f t  coeff ic ient ,  - L 
2 

*s 

c, 

E 

L 

M 

S 

v 

8f 

6s 

P 

7 

7L 

aerodynamic  pitching-moment coefficient,  M 

mean aerodynamic chord, f t  

t o t a l  aerodynamic l i f t ,  l b  

aerodynamic pitching moment, f t - lb  

w i n g  area, sq ft  

carriage  speed,  ft/sec 

f lap  def lect ion,  deg 

s tabi l izer   def lect ion,  deg 

density of air, slugs/cu ft  

trim (angle between forebody  keel a t  s tep and 
horizontal) ,  deg 

landing trim, deg 

DESCRIPTION OF MODEL 

The 1/13.33-scale powered dynamic model (Langley  tank model 314) 
i s  shown i n  figures 1 and 2. The general  arrangement of the  seaplane 
i s  shown i n   f i g u r e  3. The basic model was  supplied by the David Taylor 
Model Basin, N a v y  Department. The hu l l  was constructed of Fiberglas 
and p las t ic ,  and w a s  molded from an exis t ing wooden wind-tunnel model. 
Details  of construction were generally  sFmilar  to  those  currently  used 
f o r  dynamic models. 

Je t   parer  was s h u l a t e d  by compressed-air  nozzles mounted in   the  
nacelle  ducts. Air was supplied t o   t h e  jets through a f lex ib le  hose 
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from a control  valve and manifold  connected t o  high-pressure air bot t les  
mounted  on the towing carriage. 

The f laps  were attached  to  the w i n g  by means of small cantilever 
springs.   Strain gages on these  springs were used t o  measure f l a p  hinge 
moments . 

The original  wing-tip  floats shown in   f i gu res  1 and 2 were removed 
fo r   p rac t i ca l ly   a l l   t e s t s   p r io r   t o   t he   f i na l   con f igu ra t ion .  For the 
final configurat ion,   the   t ip   f loats  were modified as shown i n   f i g u r e  4. 
This  modification,  suggested by the Glenn L. Martin Company, was intended 
only to  assure  that  necessary  planing l i f t  would be obtained. 

The pitching moment of i n e r t i a  of the model was 4.4 slug-fee@. 
The r a t i o  of e leva tor   def lec t ion   to   s tab i l izer   def lec t ion   for   the   a l l -  
movable t a i l  was  2 t o  1. 

The following  configurations were investigated: 

Model 314 ( f ig s .  1 and 2)  - This was the  basic model modified by 
moving the wing forward and increasing  the  horizontal t a i l  area  according 
t o  information  supplied by the Glenn L. Martin Company. Tests were made 
with  clearance slots around the  mine-carrier door as shown in   f i gu re  2, 
with dams in   the   s lo t s   a t   the   s tep ,  and wi th   t he   s lo t s   f i l l ed   t o  form a 
smooth planing  bottoh. 

by means  of an external  fairing  attached t o  the  hul l .  The step was moved 
a f t  approximately 1/8 inch, which increased  the  depth of step a t  the  keel 
t o  0.08 inch (1.07 inches,   full-scale).  Dams were placed i n   t h e  mine- 
car r ie r -door   s lo t s   a t   the   s tep .  

Model 314B ( f ig .  6 )  - A 1/4-inch  spray s t r i p  was added to   t he   a f t e r -  
body of model 314A and the  external   fa i r ing above the  chines was removed. 
The spray  s t r ips  were located  approxhately a t  the  point of maximum beam 
and extended from the  rear  end of the  mine-carrier door to   the  s ternpost .  
These s t r i p s  were an  addition  to  the  existing  chine  str ips of the  basic 
afterbody and were faired  into  the  hul l  a t  the  forward  end. 

Model 314B-1 - The t o t a l  width of the  spray  s t r ip  of model 314B 
( l /k- inch  s t r ip  plus exis t ing  chine  s t r ips  of the  basic  afterbody) was 
reduced t o  1/4 fnch  over  the  entire  length. 

J 

Modpa54.B-2  - The width of the  spray  s t r ip  was reduced t o  l/8 inch 
over %e entire  length.  

I 
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Model 314B-3 - The spray  s t r ips  of model 314B-2 were removed. T h i s  
model was similar to   t he   bas i c  model w i t h  the   s tep moved a f t  and with 
s l o t  dams. 

Model 314C (f ig .  7 )  - Wedges shaped t o  form longitudinal  steps were 
in s t a l l ed  on the forebody,  inboard  of  the  mine-carrier-door  slots Of 

model 314B-3. 

Model 314D ( f ig .  8 )  - The afterbody  sections of model 314C were 
rev ised   to  accommodate a new tur re t   fa i r ing .  Modified t i p   f l o a t s  as 
shown i n   f i g u r e  4 a lso  were ins ta l led .  

The investigation was -de i n  Langley tank no. 1, which is described 
in   reference 1. The apparatus and  procedures  generally  used  for  testing 
dynamic models are  described  in  references 2 and 3 .  A typical  photograph 
of the model on the towing  gear i s  shown i n   f i g u r e  9.  

The aerodynamic l i f t  and pitching moments were determined with the 
center of moments (pivot)   located  a t  25 percent of the  projected mean 
aerodynamic chord. The pivot  height was adjusted  for  each trim so that 
the  lowest  point on the model was approximately 1/2 inch above the  water. 
During t e s t s  w i t h  power, the  s ta t ic   horizontal- thrust   force was a l so  
measured for  three  values of manifold  pressure. This procedure was used 
so that the pitching moment could be extrapolated  to   the  ful l - thrust  
condition. 

For the hydrodynamic tes t s ,   the  model was f r e e   t o  trim and f r e e   t o  
move ver t ica l ly   bu t   res t ra ined   in  r o l l  and yaw. In order to  prevent 
excessive yawing and possible damage to   t he  model, addi t ional   res t ra int  
by means of a '  yoke  mounted over  the bow of the model  was provided.  In 
rough water  the yoke was removed and approximately 5 f e e t  of fore-and- 
a f t  freedom was provided t o  simulate  correct motions i n  waves. 

The hydrodynamic qua l i t i es  were determined a t  the  design  gross  load 
which corresponded t o  160,000 pounds. The f laps  were deflected 40° 
except  during  resistance  tests where a deflection of Oo also was included 
for  the  range of speed i n  which the flaps were heavily  wetted. The t o t a l  
resistance of the complete model was measured. 

Take-offs were made a t  a constant  acceleration of 3 feet   per  second 
per second. The thrust was not  simulated  but  the  pitching moment asso- 
ciated  with fu l l  thrust was applied by means of a weight moment. 



All smooth-water landings were made a t  a constant  deceleration of 
6 fee t   per  second per  second. The vertical   al lowable  travel of the 
model for  these  landings was 21  inches. 

In  rough water,   the  init ial   landing approach was  made a t  constant 
trims of 8 O  and 12O with  the  sternpost 8 inches above the  s ta t ic   water  
leve l .   Af te r   in i t ia l   contac t ,   the  model  was allowed ver t ica l  movement 
of 26 inches. A deceleration of 7- fee t   per  second per  second was 1 

2 
required  in   order   to  keep the model from str iking  the  rear   s top of the 
fore-and-aft  gear. Landings were made i n  waves 2, 4, 6 ,  and 8 f e e t   i n  
height   ( ful l -scale) .  To expediate  the  progress of the   t es t s   the  model 
was not  instrumented t o  measure accelerations. 

Movie cameras mounted forward of the bow and above the model 
recorded  general  behavior. Underwater photographs were taken when 
de ta i l s  of flow  over  the  bottom of the  hul l  were of par t icu lar   in te res t .  
Slide-wire  pickups were used to   ob ta in  time h is tor ies  of the trim, the 
r i s e  of the  center of gravity, and the  fore-and-aft  position of the 
model. 

All t e s t   r e s u l t s  have been  converted t o  values  corresponding t o  
the  full-scale  seaplane. 

RESULTS AND DISCUSSION 

Aerodynamic 

The ef fec t  of s tabi l izer   def lect ion on the aerodynamic l i f t  and 
pitching moment, parer  off ,  i s  shown in   f i gu re  10; and the  effect  of 
power, with a s tabi l izer   def lect ion of - 5 O ,  i s  shown in   f i gu re  11. 
The variation of s ta t ic - thrus t  moment with  thrust  i s  shown in   f igure   12 .  
The l a t t e r   p l o t  was extrapolated  to fu l l  thrust to   ob ta in   the   th rus t  
moment t o  be simulated in   the  take-off   tes ts .  

IIy~odynamic 

Model 314.- During the initial runs of the  basic model (model 314), 
a yawing and ro l l ing   osc i l la t ion  was encountered a t  low speeds.  This 
motion  appeared t o  be associated  with  the  flow of water  over  the  after- 
deck of the  wing-tip  floats.  Since  the  roll and yaw of the model was 
restrained by the tawing staff i n   t h e   r o l l e r  cage, these motions a re  
not  representative of those  for a f r ee  body. In order  to  avoid  exces- 
sive  loads on the model and towing  gear  caused by these  motions,  the 
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t i p   f l o a t s  were removed before   tes ts  a t  higher  speeds were made.  The 
t i p   f l o a t s  were not  used  again  until model 314D was tested.  

In   t he  range  of  speed  corresponding t o  70 t o  100 knots  (full-scale), 
the  basic model again showed a decided  tendency t o  yaw. Underwater 
photographs,  such as f igure 13, indicated a heavy w e t t i n g  of the a f t e r -  
body behind  the  step w h i l e  i n   t h e  yawed condition, and spray  observa- 
t ions and  motion pictures  indicated a heavy  unsymmetrical  flow a t  the 
s te rn .  To avoid  possible damage t o   t h e  model and gear,   the  restraining 
yoke was ins t a l l ed  at the bow t o  limit the  amplitude of yaw. 

In  order  to  determine  the  probable  cause of the  directional  insta- 
b i l i t y   a t   h i g h  speeds, t e s t s  were made w i t h  successive  portions of the 
s l o t s  around the  mine-carrier  doors  eliminated. It w a s  found that   the  
tendency t o  yaw did not  appear i f  the  longitudinal  slots on the  fore- 
body were fi l led.   Transverse dams i n   t h e   s l o t s  at the  step  also were 
effective,  although some instabi l i ty   occurred during take-off a t  high 
trims. The dams appear t o  have increased  the hydrodynamic l i f t  as 
evidenced by a decrease i n  wetted  length when compared with that of 
the  basic model i n   t h e  unyawed condition  (see  f ig.  1 4 ) .  

The trim limits of s t a b i l i t y  w i t h  t he   s lo t s  around the mine- 
car r ie r  door open and f i l l ed   a re   p resented   in   f igure  l5(a) .  Very 
l i t t l e  data were obtained a t  high trims w i t h  t he   s lo t s  open because 
the trim was restrained by the   f r i c t ion  of the bow yoke  when the model 
yawed. A t  intermediate  planing  speeds, a region of mild  instabi l i ty ,  
j u s t  above the lower limit, was noted. The extent  of this region was 
not  determined on the  basic model. Motion pictures,  however, indicated 
that,  while this i n s t a b i l i t y  occurred,  water from the main s tep  inter-  
mittently  struck  the  afterbody. T h i s  same i n s t a b i l i t y  was noted fo r  
a l l  modifications. 

The var ia t ion of trim during  take-off i s  shown i n   f i g u r e  l ? ( b ) .  
A typical  time h is tory  of  trim,  rise, and speed  during  landing i s  pre- 
sented i n   f i g u r e   l 5 ( c ) .  The maximum variation of trim and r i s e  and 
the number of skips during  landing  are  presented i n   f i g u r e  l 5 ( d ) .  The 
longitudinal  instability  at  high  speeds,  apparent on both  the  take-off 
and landing,  might  be  expected inasmuch as the  upper trim limit 
( f ig .  15 (a) ) is  seen t o  approach  the lower limit a t  a speed of approxi- 
mately 125 knots. 

During take-off,  water from  under the model flowed up the  sides of 
the  afterbody and wetted  the deck j u s t  forward of the ve r t i ca l  t a i l .  
T h i s  flow s t a r t ed  ahead of that portion of the  afterbody  having  chines. 
Forebody spray  struck the t i p s  of the  horizontal t a i l .  

The e f f ec t  of various  slot  configurations on the  resistance  and 
t r im is  shown i n   f i g u r e  15 (e ) . With a l l  the   s lo t s  open, the  apparent 

I 
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discontinuity  in  the  resistance  curve  appeared  to be associated  with 
the  breaking of the  flow of water from the  sides of the  rear   port ion 
of the  afterbody. When deflected,   the  f laps were heavily  wetted a t  
hump speeds  and the hump resistance w a s  considerably  greater  than 
that   wi th   the  f laps   re t racted.  

Model 314A.- The var ia t ion of t r im and resistance  with  speed  for 
model 314A i s  presented  in   f igure 16. The  new fa i r ing  a t  the   s te rn  
was heavily  wetted and the flow  of water over  the  sides of the after- 
body apparently  developed  suction  forces which caused  the trim t o  
increase a t  speeds above hump speed. Water over  the deck  of the model 
wetted  the  lower  portion of the   ver t ica l  t a i l .  Tests of t h i s  model 
were discontinued  because  of  increased  violence of the  direct ional  
i n s t a b i l i t y  a t  high  speeds. 

Models 314B, 314B-1, 314B-2, and 314B-3.- The va r i a t ion   i n  trim 
during  take-off  for model 314B with  the  various  widths of spray   s t r ips  
i s  shown i n   f i g u r e  17. A comparison  of f igures  l 7 (a ) ,  l7(b), and l 7 ( c )  
with  f igure l7 (d )  (spray  s t r ips  removed) indicates that the  spray 
s t r ips   tended t o  reduce  the  porpois.ing  near  getaway. The spray   s t r ips  
effectively  reduced  the  flow of water up the sides of the  afterbody. 

A comparison  of take-offs of model 314B-3 ( f ig .  l 7 ( d ) )  with  those 
for   the  basic  model ( f ig .  15 (b)  ) indicates   that   there  was a s l i g h t  
reduction  in  porpoising  near getaway when the  s tep was moved a f t .  

A small quantity of  flap-hinge-moment data was obtained  with 
model 314B-3 and i s  presented  in  table I.  The data cover  the hump 
region where the   f laps ,  when deflected,  appeared  to be planing on the 
bow wave. 

Model 314C.- The trim limits of s t a b i l i t y  of model 314C are pre- 
sented i n   f i g u r e  18(a). An i n s t a b i l i t y  a t  intermediate trims, between 
the  conventional  upper and  lower trim limits, was previously  noted  for 
the  basic  model and w a s  defined i n  more d e t a i l   f o r   t h i s  model.  Por- 
poising  encountered i n  this region,  during  the  constant-speed  runs, 
was of 2 O  and 3 O  amplitude and was not  violent. During take-off this 
porpoising was encountered  with  the  center of gravi ty  a t  36.5 percent 
mean aerodynamic  chord  and a s t ab i l i ze r   s e t t i ng  of - 5 O  (see f i g .   1 8 ( b ) ) .  

Typical time h i s to r i e s  of the  tr im, rise, and speed  and  of t he  m a x i -  
mum amplitudes and number of  skips  during  landing,  are  presented i n   f i g -  
ures 1 8 ( ~ )  and 18(d),   respectively.  Comparison of the  trim limits and 
smooth-water take-off and landing  behavior of model 314C with  those  for 
the  basic  model indicates that a marked improvement in   longi tudina l  
s t a b i l i t y  was realized  by use of the  longitudinal  steps.  
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The var ia t ion of resistance and trim w i t h  speed i s  presented i n  
f igure  18(e) .  The faired  curves  indicate  the  minbum  total  resistance 
that could  be  obtained a t  stable trims with  the  available trimming 
moments. A t  intermediate  planing  speeds, data were not  obtained a t  
lower trims because the model w a s  porpoising  in  the  intermed5ate 
unstable trim range shown in   f i gu re   18 (a ) .  

Model 314D.- The trim limits of s t a b i l i t y  and the   var ia t ion   in  
trim  during  take-off  for model 314D are   presented  in   f igures   lg(a)  
and l g ( b ) .  The var ia t ion  in   res is tance and trim w i t h  speed i s  pre- 
sented  in   f igure  lg(c) .  The e f fec t  of the  modified t i p   f l o a t s  on the 
resistance i s  a l so  shown in   f i gu re   l 9 (c ) .  The osc i l la t ion  of the 
model i n   t h e  tawing gear,  noted in   t he   ea r l i e r   t e s t s   w i th   t he   o r ig ina l  
t i p   f l oa t s ,   d id   no t  appear when the  modified t i p   f l o a t s  were used. 

The power-off landings of model 3141, i n  rough  water  indicated  that 
l ight   spray  entered  the  je t   in takes   in   2-foot  waves. Spray i n   t h e  
intakes was greatly  increased  in  the  higher waves. Water flowed  over 
the bar and the  windshield was heavily  wetted  in all waves investigated. 
The deck of the  hul l  and the   en t i re  upper center  section of the wing 
w a s  wetted i n  8-foot waves. Changes i n   r i s e  and fore-and-aft  position 
on the towing  gear were large  in   8-foot  waves and the motions of the 
model were violent.  

Low-speed taxi ing  in   8-foot  waves indicated  that  the  windshield 
and intakes were wetted. A t  taxiing speeds  around 30 knots  (full-scale),  
the  entire  fuselage and large  areas of the wing were wetted by water 
flowing  over, and thrown up by, the bow. 

CONCLUDING REMARKS 

Tests of the  1/13.33-scale model indicate that the  directional 
i n s t a b i l i t y  a t  high  forward  speeds was eliminated by f i l l ing   the   longi -  
tudinal forebody s l o t s  around the  mine-carrier door or by inser t ing 
dams in   these   s lo t s  et the  step. Moving the s tep a f t  to   obtain a depth 
of 1.07 inches  ( ful l -scale)   a t   the   keel  had only a slight ef fec t  on the 
take-off  stability.  Porpoising on take-off  and  landing was appreciably 
reduced by longitudinal  steps on the forebody. The yawing and ro l l ing  
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motions  encountered a t  low speeds when t i p   f l o a t s  were used  did  not 
appear  with  the t i p   f l o a t s  modified t o  produce g r e a t e r   l i f t .  

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va . ,  October 21, 1953. 

n Aeronautical  Research  Scientist 

Approved: /Y&?Lf l  Pa" 
c/ John B . Parkinson 

Chief  of Hydrodynamics Division 
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T ABL;E I.- FLAP-HINGE-MOMENT DATA DURIJYG TAKE-OFF FOR 

LANGUY TANK MODEL 314B-3 

k e n t e r  of gravi ty ,  36.5 percent M . A . C ~  
L 

69 9 

deg knots de@; 
Trim, Speed, 

30 -73 4.6 
34.62 5.0 
51 07 

9 -0 64.92 
8.9 

32.46 4.8 

-9 

-9 36.79 
8.7 50 85 
5.3 

63.84 11.0 

32.46 
5 -0 34.62 
4.5 

9 -0  62.76 
8.3 51.94 
5 -5 37.87 -9 

2 

Rise, Hinge moment, 
ft f t -1b 

-5 -9 

0 -2.2 
17,759 -3 -7 
18,022 -5.8 

0 

-5.8 
-5.6 
-3 -9 
-2.2 

-6 .o 
-5.8 
-5.6 
-3.6 
-2.3 

0 

18,811 
0 

0 
17,759 
19,601 
17,101 

0 

21,442 

I 



1 Three q u a r t e r ,   f r o n t  view 

P r o f i l e  view 

Figure 1.- Langley tank model 314. 
L-81281 
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Lo80579 4 1 
Figure 2.- Langley tank model 314. Bottom  view  showing  mine-carrier  door. 
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Figure 3. -  General  arrangement of the  Martin XPGM-1 f ly ing   boa t .  
(Dimensions are in   inches.  ) 

ammMWm9 



L- 812 82 
Figure 4. - Modified  tip  float  for Langley tank  model 314. 
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Detail  of  afterbody  fairing 

I I I 

\ 

Typical  afterbody  section 

L-81283 
Figure 5.- Langley tank model 314A showing revised afterbody fairing 

and  deepened  step. 
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Figure 6.- Langley tank model 314B with  afterbody spray s t r ip .  
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L-81285 
Figure 7.- Langley  tank  model 314C with  wedge to form  longitudinal  step. 



Detail of t u r r e t   f a i r i n g  

Typica l   a f te rbody  sec t ion  
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Figure 8.- Langley tank model 314D with  revised  turret  fairing. 
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Figure 9 .- Setup of Langley tank model 314D on towing apparatus. 



T r i m ,  T, deg 

Figure 10.- Effect  of  stabilizer  setting  on  aerodynamic  lift  and  pitching- 
moment  coefficients.  Power  off;  Langley tank model 314. 
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Figure 11.- Effect  of  power-on  aerodynamic  lift  and  pitching-moment 
coefficients.  Stabilizer  setting, -5'; Langley tank model 314. 
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Figure 12.- Variation of s ta t ic- thrust  moment with thrust. Langley tank 
model 314. 
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Figure 13 .- Underwater photograph of Langley tank model 314. Model yawed 

t o  right;  speed, 93 knots ( ful l -scale) ;  t r i m ,  8.6'. 
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Figure 14.- Underwater photographs of Langley tank model 314. Speed, 

75 knots (full-scale); t r i m ,  8 . 5 O .  
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(a) T r i m  limits of stability. 

Figure 15 .- Langley tank model 314. 
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(b) Variation of t r i m  wi th  speed during take-off. 

Figure 15.- Continued. 



( c )  Variation of trim,  rise,  and  speed with time  during 
typical landings  in smooth water. 

Figure 1.5.- Continued. - 
I 
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(d)  Landing  stability  characteristics  in  smooth  water. 

Figure 15.- Continued. 
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(e) Variation of resistance  and  trim  with  speed. 
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Figure 15. - Concluded. 



Figure 16.- Variation of resistance  and trim with speed.  Langley tank 
model 314A. 
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(b) Langley  tank model 314B-1. 
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(d)  Langley  tank model 314B-3. 

Figure 17.- Effect of spray   s t r ips  on the   var ia t ion  of t r i m  with  speed 
during  take-off. 
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(a) Trim  limits of stability. 

Figure 18.- Langley  tank model 314C. 
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(b) Variation of trim  with speed during  take-off. 

Figure 18.- Continued. 
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( c )  Variation of trim,  rise,  and  speed  with  time  during  typical  landings 
in  smooth  water. 

Figure 18.- Continued. 
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(e) Variation of resistance and trim with speed. 

Figure 18.- Concluded. 
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(a) T r i m  limits of s t ab i l i t y .  

Figure 19. - Langley  tank model 314D. 
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(b) Variation of trim  with  speed  during  take-off. 

Figure 19. - Continued. 
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(c) Variation of resistance and trim with speed. 

Figure 19.- Concluded. 
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